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2026 Entrance Examination (Mathematics Course/Mathematical Sciences
Course)
Master’s Program, Division of Mathematics and Mathematical Sciences, Kyoto

University

%E/‘%ﬁr E Basic Mathematics

O RIEZTHD 3. BFERELH 1] ~[6] D6 EEMELE L. BIRRTRE
BEE, (1 ~[5osEEREL, X512, [6],[7T]05B0 1 EEERL TREE
F. BHER BB RO —TT DA ZEEL TV AEDORERELBII6ETHD,
MRZ & HICEE L TV HE OFERERIE, BRICX > ToEELRTEE &
%.) BRL MEERSZEIREICRHEATS L.

There are 7 problems. Applicants to the Mathematics Course (£{%#%) should
answer the 6 problems 1|~ @ Applicants to the Mathematical Sciences Course
(BT R) should answer the 5 problems [ 1] ~[5], and also one problem from [6],
. (Applicants to either the Mathematics Course or the Mathematical Sciences
Course should only answer 6 problems in total, and applicants to both courses
should answer 6 or 7 problems in total, depending on their choices.) Write the
problem numbers you choose on the selection sheet.

O MERRNT 3K 309 TH 5.

The duration of the examination is 3 hours and 30 minutes.

® MEIHAEBICEETEINATVS. BHITHAREEZITEES S 50
THELZ L.

The problems are given both in Japanese and in English. The answers should be

written either in Japanese or in English.
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It is not allowed to refer to any textbooks, notebooks, calculators, cell phones,
information devices or personal watches/clocks during the examination. Such ma-

terials and devices must be kept in the designated area.



RETETY
[&E,'\ Instructions

1. #8RDd 2 FTHECE RNz L.
Do not look at the problems until it is permitted by the proctor.

2. BLRAM - TEHKDOTRTIZ, ZBHES - KAERTLAE K.
Write your name and the applicant number on each answer sheet and each
draft/calculation sheet.

3. BB Z 2 ISR OBERARE IV, BEES 2 S ERHAROBAICEEA
XK.
Use a separate answer sheet for each problem and, on each sheet, write the
number of the problem being attempted within the box.

4. 1% 22U EICDT o TRE ST 2 L Zld, DDEFDH 5 T & 2 AT
IR L T ROHMICE S Z L.
If you need more than one answer sheet for a problem, you may continue to
an additional answer sheet (or more). If you do so, indicate clearly at the
bottom of the page that there is a continuation.

5. IRHDFIE, br 53FIRE, BRAM (FEESIE), FERMOIEICER, §
ALZHEZAMI LT LT DM DICLTIRET 5 2 L.

When handing in your exam to the proctor, stack your selection sheet and an-

bl
o

swer sheets (ordered by problem number), followed by the draft/calculation
sheets. Fold the stack in half, with the filled-in side facing outward.

6. ZOMEMFIEFBIR-> TXw.
You may keep this problem sheet.

[%E 7:5"] Notation

ToOM#ET 7, Q, R, Cldzhzh, BEORKDES, AHBO2RDOESR,
FRDORKOEE, BREORKOEEEZERT.
In the problems, we denote the set of all integers by Z, the set of all rational

numbers by Q, the set of all real numbers by R and the set of all complex numbers

by C.
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The English translation follows.

D={(z,y) ER*|z >0, 0<y <2}
CEDD. ZDLE, ROJLEED

/ / dxdy
(23 4+ y3)

DR S % & 5 R o DHEIHZ KD X.
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nZ OB U, B3R n KIEFTITHIRIER DI $HENRS V2% M, (C)
55, X € M,(C)IZHLT, M,(C) DERINZ hVZEM Vy %

Vy = {A € M,(C) | AX = XA}

TEDZ. ZOrE {dimVyx | X € M,(C)} DR/IMED n 12423 Z ¥ &R
H. 22 TCdimVyx id Vy DEBEARY FLVERE L TOXRITERT.

PURT, RO
limsupa, =3, liminfa, =0,
n—00 n—oo

limsupb, =7, liminfb, =1

n—00 n—00

% BT ERE {0, ¥ (b} IEDOWTER .

(1) limsup|a, — b,| D& DFBEOEKEL F/MEZKRD K. 2512, Z

n—o0

NoDOmAME L F/MEE S Z 5 ({a,}22,, {b,}2,) OflEZn 21D
27 k.

@)mgﬁmwwﬁ®tD%é@@%k@t%¢@%ﬁ@;.é%m,:m
LORKNEE BRMEESG 25 ({a,}22,, {b,)22,) DR Zh 21 0%
K.



u(z,y) 1ER2\ {(0,0)} oMU O MBI TH D,
Ou  Pu_
ox  oy?
R\ {(0,0)} ETHDIDE T 5. XHIKIEDERCODBFELT, FFEK

Ou

ou
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v 4<0 L
l’? —
dy Y Va2 + y?

BFRTOD (z,y) € R\ {(0,0)} TR LTHD Lo L F 3.

ou @

(1) f(z+1y) = a(x,y) — i@y (z,9)1Z C\ {0} LoOEAIEEE 5 2 %

. L REREME TS,
(2) FE&a,b,c,d PFIELT
u(z,y) = alog(z® +y*) + br + cy + d

BFRTOD (z,y) € R2\ {(0,0)} TR LTHD LD 2 & 2RE.

6] nEEOBE, o 298 E L, R OMHES X &
X={(z,9,2) e R’ | 2* +y" +az" =1}
TED5.

(1) X 3R> DI rIBERR T ZRIATH B Z & 2Rt

2) B f: X > R%Z f(x,y,2) =2 TEDD. fH5 &5 E2FHDEHRZ
Foko%naz3XNTKD XK.

M0 > 21 LT, By = {1,2,...,n} £ BL. B, OME2 OHHELLK
% (5) v &L, T (5) OBE 0 — 1 OWSEE S D55, LIFORHE (%)
BT HORERE B v RT.

(*) EEDO T, T € SIZOWTTNT #0.
XOHRERFE,. E,— E %
F(i)={Te () ]ieT}.

TEDD. TOLE F, N2 X508 n>2%3XNTKD X



The English translation starts here.

Let

Find the set of real numbers « for which the following improper integral
/ / dxdy
(23 + )™

Let a,b be real numbers. Find the rank of the matrix

D:{(x,y)€R2’x>0, Ogyng}.

converges:

a b b
a —b b
b b a a
—b b —a a

Let n be a positive integer, and let M, (C) be the complex vector space
consisting of all complex n x n matrices. Given X € M,(C), define the
subspace Vx of M, (C) by

Vy = {A € M,(C) | AX = X A}.

Prove that the minimum value in {dim Vy | X € M, (C)} is n, where dim Vy

denotes the dimension of Vx as a complex vector space.

In the following, consider sequences {a,}>, and {b,}>, of real numbers
which satisfy

limsupa, =3, liminfa, =0,
n—o00 n—oo

limsupb, =7, liminfb, = 1.

n—o0 n—o0

(1) Find the maximum and minimum possible values of lim sup |a,, — b,].
n—oo

Furthermore, give one example each of sequences ({a, }5°, {b,}o ) for
which these maximum and minimum values are attained.

(2) Find the maximum and minimum possible values of liminf |a,, — b,|.
n—00

Furthermore, give one example each of sequences ({a,}5%,{b,}5;)
for which these maximum and minimum values are attained.



Let u(x,y) be a real-valued C*-function on R? \ {(0,0)} that satisfies the
equation
0*u N Pu
ox2  oy?

on R?\ {(0,0)}. Furthermore, assume that there exists a positive constant

0

C' satisfying

@(:p )‘<C ;4—1
5y )| < ey

for all (z,y) € R?\ {(0,0)}. Here i denotes the imaginary unit.

—x(%y)‘ +

(1) Prove that f(x +iy) := @(x, y) — z%(z, y) is a holomorphic function
Y

ox
on C\ {0}.
(2) Prove that there exist real numbers a, b, ¢, d satisfying

u(z,y) = alog(x® +y?) +bx +cy +d

for all (z,y) € R*\ {(0,0)}.

Let n be a positive integer and a a real number. Define the subset X of R3
by
X ={(z,y,2) ER® | 2* + y* + az" = 1}.
(1) Prove that X is a differentiable submanifold of R3.

(2) Define the function f: X — R by f(z,y,2) = z. Find all n, a such that
f has exactly two critical points.

Given an integer n > 2, let E, = {1,2,...,n}, and let (E2") be the set of all
subsets of F), of cardinality 2. Furthermore, let £ be the set of all subsets
S of (E") of cardinality n — 1 which satisfy the following condition (*):

2
(*) for every T, T € S, TNT" # (.
Define the function F,: E,, — E’ by
F.(iy={Te (%) ]ieT}.

Find all integers n > 2 such that F, is a bijection.



